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History
 The idea that there must be openings in the cell mem-
brane to permit the flow of water and salts to maintain cel-
lular function and to eliminate the byproducts of cellular 
metabolism was recognized by the middle of the 19th cen-
tury. Water is the major component of all living cells, in-
cluding those of vertebrates, invertebrates, and unicellular 
organisms and plants. Salt water comprises approximately 
70 percent of the human body. After debating for decades 
about the process of water transfer across cell membranes, 
most scientists finally decided that water must pass free-
ly through biologic membranes by simple diffusion. Only 
a small number of scientists disagreed, and they had only 
indirect evidence that there were special channels for the 
transport of water. After all, there must be something to 
explain the high permeability of RBCs and renal tubules. 
Moreover, the water permeability of these tissues can be re-
versibly inhibited by mercuric ions.1
 By 1950 it had been shown that water moves quickly 
into and out of cells through pores that are selective for 
water molecules only. Every second, billions of water mol-
ecules pass through a single channel. By the mid-1980s 
scientists had found an RBC membrane protein whose 28-
kDa N-terminal amino acid sequence was related to the 
26-kDa major intrinsic protein (MIP26) of bovine lens fi-
ber cells.2,3 The 28-kDa protein was shown to be a unique 
molecule that is abundant on erythrocytes and on renal tu-
bules. Preston and Agre4 succeeded in 1991 in isolating the 
same membrane protein from RBCs, which in 1997, was of-
ficially named aquaporin-1 (AQP1) by the Human Genome 
Organization, for the water channel. AQP1 has been found 
in many tissues including several parts of the kidney, liver, 
gall bladder, eye, choroid plexus, hepatobiliary epithelium, 
and capillary endothelium. AQP1 turned out to be the first 
of the family of major intrinsic proteins (MIP), which are 
highly conserved membrane proteins that regulate small 
molecule transport. The MIP family of proteins is believed 
to date back 2.5 to 3 billion years in evolutionary time.5 It is 
believed that the MIP family evolved from two basal lineag-
es: AqpZ-like water channels and GlpF-like glycerol facili-
tators. These divergent lineages probably originated from 
an archaeal (AqpM-like) aquaporin.5 The MIP family is now 
divided into two groups: aquaporins (AqpZ, AQP0, AQP1, 
AQP2, AQP4, AQP5, AQP6, and AQP8) and aquaglycerol-
porins (GlpF, AQP3, AQP7, AQP9, and AQP10).6–10 In 1994, 
AQP1 protein was characterized as carrying the Colton 
blood group antigens.11
Genetics and Inheritance
 In 1965 in Oslo, Norway, the discovery of an antibody 
that detected a “public” (or high prevalence) antigen was 
linked to two other cases discovered earlier by workers in 
Minneapolis, Oxford, and London. The antigen was named 
Coa (Coltona) in 1967 for the first of the three producers of 
anti-Coa, who was from Minneapolis; it should actually have 
been named “Calton,” but the handwriting on the tube ap-
parently was misread.12,13 Coa was shown to be an inherited 
characteristic.14 In 1970, the antithetical antigen, Cob, was 
reported by Giles et al (Table 1).15 In analysis of unrelated 
people of European extraction, the occurences of the three 
major Colton phenotypes were as follows: Co(a+b–) 0.914, 
Co(a+b+) 0.084, and Co(a–b+) 0.002 (Table 2).16 In 1971, 
the genetic independence of the Colton blood group system 
from Kell and Lutheran was reported, and it was confirmed 
that it is independent from MNSs, P, Rh, Duffy, Dombrock, 
and sex.17 Coa and Cob are codominant alleles that respec-
tively encode the Coa and Cob antigens at the RBC surface. In 
1974 the Co(a–b–) phenotype of three persons in a French 
Canadian family was reported.18 The serum from a patient 
in 1964 (Swarts) was eventually found to be negative only 
with these Co(a–b–) family members.16 Colton is the 15th 
human blood group system recognized by the ISBT (ISBT 
015).
Molecular Basis
 The AQP1 locus was mapped to human chromosome 
7p14 by fluorescent in situ hybridization.19 The Colton (Co) 
blood group antigens had been previously linked to the 
short arm of chromosome 7.20 Immunoprecipitation studies 
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Table 1. Antigens of the Colton blood group system: their preva-










Coa CO1 015001 99.8% Ala 45 PR TR CR 
NR DTTR
Cob CO2 015002 8.6% Val 45 PR TR CR 
NR DTTR
Co3 CO3 015003 >99.99% unknown PR TR CR 
NR DTTR
CR = α1-chymotrypsin resistant; DTTR = dithiothreitol resistant; 
NR = neuraminidase resistant; PR = papain resistant; TR = trypsin 
resistant.
Table 2. Phenotypes (% occurrence)
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the Co protein have been reported to cause decreased or no 
expression of the Colton antigens. An amino acid change 
of Gln47Arg was observed to cause a Co(a–b+w) typing.29 
The same amino acid substitution was recently fully inves-
tigated in a Turkish female with the Co(a–b–) phenotype.30 
Her RBCs were found by molecular studies to have normal 
water permeability by stopped-flow analysis and a normal 
amount of AQP1 protein in the RBC membrane. (See sec-
tion on clinical significance). By PCR-RFLP the specimen 
was genotyped as Coa/Coa, but full sequencing revealed a 
140A>G mutation leading to a Gln47Arg amino acid sub-
stitution. This change in amino acids is close to the Coa/Cob 
polymorphism, and thus, the probable cause of the appar-
ent discrepancy between phenotype and genotype. When 
using a specifically designed K-562 cell expression system 
for Colton antigens, the Gln47Arg substitution was 
shown to inhibit both Coa and Cob antigen expression.29 
The antibody produced by these Co(a–b–) individuals 
with a Gln47Arg substitution is not a mixture of anti-Coa 
and -Cob, rather it is “anti-Co3–like,” reacting with both 
Co(a+b–) and Co(a–b+) RBCs, but more weakly than anti-
Co3 produced by the true null phenotype. This suggests the 
existence of a new high-prevalence antigen in the Colton 
blood group system, with a corresponding antibody that 
Arnaud et al. proposed to name anti-Co4.30 Therefore, it is 
possible that some of the Co(a–b–) people known through-
out the world, who would have not been fully investigated 
by molecular techniques, may actually not be “true” Conull 
but “CO:–1,–2,3,–4.” This may also be why some antibod-
ies directed against a high-prevalence Colton antigen, mis-
takenly considered as anti-Co3, were unexpectedly weakly 
reactive with Co:3 RBCs.31
Biochemical Physiology of the Colton Glycoprotein
 Protons are necessary for the bioenergetics of the living 
cell. The proton gradient drives many transport functions, 
membrane fusions, and the synthesis of ATP. Maintaining 
the proton gradient is essential, and indiscriminate pro-
ton leakage across cellular membranes would be fatal to 
the living cell. At the same time, cells must maintain the 
balance of water’s ability to permeate the membrane bi-
layer. Aquaporins are strictly selective water chan-
nels that have evolved for that purpose. AQP1 was 
found to have a configuration with intracellular N 
and C terminals, similar to that of other ion chan-
nel proteins. Protein modeling from the cDNA 
sequences predicts a two-tandem repeat of three 
membrane-spanning helices that exist as tetram-
ers within the cell membrane (Fig. 2). An electro-
static field created by the highly conserved amino 
acid sequence NPA forms the water channel, which 
prevents proton loss while allowing water to perme-
ate the membrane. The most prominent feature is 
the association of loop B with loop E driven by their 
positive N-terminal ends that brings together the 
NPA motifs at the center of the pore. This causes 
the formation of strong electrostatic fields that block 
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and DNA sequencing showed that the Colton antigens are 
the result of a polymorphism in AQP1 at the extracellular 
site of loop A, which connects the first and second spanning 
domains. Figure 1 depicts the structure of the protein as it 
passes through the membrane, and indicated are the Coa/
Cob polymorphic site at position 45 and the only N-glycan 
site at position 42. The Coa/Cob polymorphism arises from 
a single amino acid change of Ala45Val (alanine for Coa, va-
line for Cob) caused by a nucleotide change of C>T at posi-
tion 134 in exon 1 of AQP1 gene, named CO according to 
the ISBT nomenclature and AQP1 according to the Human 
Genome Organization (HUGO).11 The Colton gene consists 
of four exons distributed over 11.6 kbp of genomic DNA. 
The amino acid sequence of the wild-type AQP1 protein is 
shown in Table 3.  Also known as the channel-forming inte-
gral protein (CHIP), the Colton glycoprotein is a multipass 
protein consisting of three external loops and six mem-
brane-spanning regions, as well as 2 cytoplasmic loops, 
with both the NH2 and COOH terminus located on the cyto-
plasmic side of the membrane.22 Common to all MIP super-
family proteins is the occurrence of the asparagine-proline-
alanine (NPA) motifs, two being present in each half of the 
protein. An hourglass structural model has been proposed 
by Agre and colleagues.23,24
 The molecular basis of the null Co(a–b–) phenotype 
has been attributed to several different molecular back-
grounds; these are depicted in Table 4. Other changes in 
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Fig. 1 Linear diagram depicting the Colton protein with the six 
membrane-spanning domains with both the N terminus and C 
terminus inside the cell membrane. The Coa/Cob polymorphism is 
indicated at position 45, as is the glycosylation site at N42. The 
signature NPA motifs are depicted on the internal loops B and D.21
Table 3. Amino acid sequence of wild-type AQP1 protein13
MASEFKKKLF WRAVVAEFLA TTLFVFISIG SALGFKYPVG NNQTAVQDNV 50
KVSLAFGLSI ATLAQSVGHI SGAHLNPAVT LGLLLSCQIS IFRALMYIIA 100
QCVGAIVATA ILSGITSSLT GNSLGRNDLA DGVNSGQGLG IEIIGTLQLV 150
LCVLATTDRR RRDLGGSAPL AIGLSVALGH LLAIDYTGCG INPARSFGSA 200
VITHNFSNHW IFWVGPFIGG ALAVLIYDFI LAPRSSDLTD RKVWTSGQV 250
EEYDLDADDI NSRVEMKPK 269
Amino acid sequence taken from GenBank, accession # M77829
Also see the Blood Group Antigen Gene Mutation Database (dbRBC) 
at http://www.ncbi.nlm.nih.gov/gv/mhc/xslcgi.cgi?cmd=bgmut/home 
(accessed April 13, 2010).
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the permeation of protons as well as H3O+ and other cat-
ions. When Xenopus laevis oocytes were transfected with 
cRNA, they were found to have markedly increased water 
permeability, causing the oocytes to swell and burst.32 This 
permeability could be reversibly inhibited by Hg2+.33 When 
the same cRNA transcript was reconstituted into lipid vesi-
cles, the same observations were made. This confirmed that 
membranes exhibit water permeability and showed that the 
water permeability of membranes with AQP1 was up to 100 
times greater than that of those without it.
Colton Antigen Typing
  To date, anti-Coa and anti-Co3 reagents, either mono-
clonal or polyclonal, are not commercialized. As a result, 
human polyclonal reagents are only available in immu-
nohematology reference laboratories, but usually in small 
amounts. However, a human polyclonal anti-Cob is avail-
able in Europe as a CE-marked in vitro diagnostic reagent 
(DiaMed, a division of Bio-Rad, Cressier sur Morat, 
Switzerland). The two major high-throughput molecu-
lar genotyping platforms, a commercialized DNA glass array 
by Progenika (Barcelona, Spain) and a DNA bead array by 
BioArray/Immucor (Norcross, GA) allow Coa and Cob al-
lele typing by searching for the 134C>T polymorphism in 
exon 1, with subsequent prediction of Colton phenotype. It 
is important, however, to be aware that prediction of the Co 
phenotype in Conull and Covariant people would be a source of 
misinterpretation with these DNA-based techniques.
Clinical Significance
 Antibodies to Colton blood group antigens are gener-
ally IgG and react best by the antiglobulin test, especially 
when protease-treated RBCs are used.34,35 Some anti-Coa, 
-Cob and -Co3 may bind complement.36 Few reports of sig-
nificant delayed or acute transfusion reactions or hemolytic 
disease of the fetus and newborn (HDFN) attributable to 
anti-Coa have been reported, although both are known to 
occur with severe morbidity.27,37–40 
 Anti-Cob is relatively rare and often found in patient’s 
sera containing other alloantibodies.34,35 Two reports of in 
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Table 4. Molecular bases of the Colton-null [Co(a–b–)] phenotype: effect of the change at the DNA and protein level, and ancestry 
of the probands
Molecular alteration Effect








ing most of exon 1
Absent or aberrant 
transcript
AQP1 not detected in 
RBC membrane extracts
Not reported No Northern 
European
Proband 1 in Preston 
et al.25
c.309insT Frameshift mutation AQP1 not detected in 
RBC membrane extracts
Yes No French Proband 2 in Preston 
et al.25
c.113C>T Missense mutation 
(p.Pro38Leu)
<1% AQP1 expression in 
RBC membrane extracts
Not reported No Northern 
European
Proband 3 in Preston 
et al.25
c.576C>A Missense mutation 
(p.Asn192Lys)
Not tested Yes No Portuguese Chrétien et al.26
c.232delG Frameshift mutation Not tested Yes Yes Indian Joshi et al.27
c.601delC Frameshift mutation Not tested Yes No Caucasian Nance et al.28; Reid 
and Lomas-Francis13
Altered Co phenotypes
c.140A>G Missense mutation 
(p.Gln47Arg)




c.140A>G Missense mutation 
(p.Gln47Arg)
Normal AQP1 expression 
in RBC membrane
No No Turkish Arnaud et al.30
AQP1 = aquaporin 1; HDFN = hemolytic disease of the fetus and newborn.
According to the recommendations of the Human Genome Variation Society and National Institutes of Health Single Nucleotide Poly-
morphism database, “c.” means that the position of the polymorphism refers to the complementary DNA, “p” means that the position 














Fig. 2 The AQP1 water channel is shown as an hourglass configu-
ration created by the association of the six transmembrane domains 
and the crossing of loops B and E with the electrostatic field pro-
duced by the NPA motifs forming the water channel.21
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vivo survival studies of 51Cr-labeled Co(b+) RBCs in pa-
tients with anti-Cob showed survival at 94 percent and 85 
percent, respectively, at 1 hour, decreasing to 51 percent at 
24 hours and 10 percent at 96 hours.41,42 Cob is fully devel-
oped at birth, but no significant HDFN has been reported to 
date.34
 Anti-Co3 was reported to cause severe HDFN requir-
ing neonatal transfusion.43 Transfusion of incompatible 
Co(a+b–) RBCs in a patient with anti-Co3 was reported to 
be responsible for a mild hemolytic transfusion reaction.27 
There are also reports of autoantibodies mimicking Colton 
specificities.44
 AQP1-deficient individuals were studied for their renal 
function and capillary permeability before and after water 
deprivation.45 Baseline studies did not reveal any abnormali-
ties; however, after water deprivation this study revealed an 
inability to concentrate urine. Thus, Colton-null individuals 
may be subject to serious hydroelectrolytic and metabolic 
disorders should they become severely dehydrated.
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